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Overview

« The MINERVA experiment.

e The neutrino beam (NuMI).

e The MINERVA detector.

e Detector performance.
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MINERvVA Experiment

« High precision neutrino scattering
experiment in the 1-10 GeV energy
range.

« Goal is to measure exclusive and
Inclusive neutrino-nucleus cross
section using a high resolution
detector.

« Detector was designed to study the
A-dependence of neutrino reactions
on a variety of nuclei ( scintillator,
He, C, water, Fe and Pb).
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MINERvVA Motivation

Neutrino

- =

« Neutrino and anti-neutrino
Interaction cross section are
not well measuredin 1 — 10
GeV range.
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» Cross sections for neutrino 7, 02
and anti-neutrino interactions z 02
In nuclear matter important g O
for oscillation experiments. " o
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J.A. Formaggio and G.P. Zeller,
“From eV to EeV: Neutrino Cross Sections Across Energy Scales”,
Rev. Mod. Phys., 2012.

October 22, 2012 Nulnt 2012 - G. A. Fiorentini 5



MINERvVA
(Main INjector ExpeRiment v-A)

Located at Fermilab in Batavia, IL,
USA.

Uses NuMI neutrino beamline.

Detector installed upstream of the
MINOS near detector.

Enclosure

Uses MINOS near detector as NN ¥
muon spectrometer. |

Fermilab, Batavia IL, USA
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NuMI (Neutrinos at the Main Injector )
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« Very intense neutrino beam with a power of
300 — 350 kW and ~35e12 P.O.T. (Protons On Target) per spill.

« Spill: 10 ps duration at ~0.5 Hz frequency.

. Energy distribution can be tuned by changing position of target
with respect to horns.

« Anti-neutrino beam is obtained by reversing the current in the
magnetic horns to focus 1 and instead of i*.
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flux ratio weighted/unweighted

Neutrino Flux Tuning

f(x_, p,) for n* using FTFP_BERT @ NA49 data
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production data from NA49
experiment at CERN.



Neutrino Flux Tuning

Special Runs

le2502200i (Total POT=1.5x10"°)
le100z200i (Total POT=6.2x10"%)

e Future flux measurements

will be improved by multi- '6 40 1e0102185i (Total POT=1.0x10%)
pronged attack: } 35F 1e0102000i (Total POT=6.7x10"
- 'Data with different horn’,  += 30F E
current and target S E
position configurations o 205 E
(special runs). » 15E E
Tt 10F =
* = :
data. Iﬂ 5; ..|...|.|.|...|.|.||.||...|...|..__
* |n situ measurement 00 2 4 6 8 10 12 14 16 18 20
from muon flux via muon Neutrino Energy (GeV)
monitors.

Data already taken!

Please look for more details at D. Harris' poster
“Understanding the NuMI Flux for MINERVA”.
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Total Data Collected

N
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Analyzed Data Livetime: 97.2% MINERVA, 93.3% MINOS ND
(Nov 2009 — Feb 2011) (3/22/10 - end of run)
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MINERVA Detector Layout

120 “modules’
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The MINERvA detector is comprised of a stack of MODULES of varying composition,
with the MINOS Near Detector acting as a muon spectrometer. It is finely segmented
(~32 k channels) with multiple nuclear targets (C, CH, Fe, Pb, He, H:0).

' stacked along the beam direction, ~32k readout channels

Central region is finely segmented scintillator tracker

4 types of modules: nuclear targets, tracker, ECal and HCal.
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Tracker module = 2 planes
ECAL module = 2 planes + 2 (2 mm thick) sheet of lead
HCAL module = 1 plane + 1 (1 inch thick) sheet of steel

Triangular strip to\
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MINERVA Nuclear (Passive) Targets
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MINERVA's Muon Spectometer

(a.k.a. MINOS Near Detector )

A Look At

MINERVA %
" Ol&.
ID Outline o G MINOS
\ ‘s %, S
: o //52 %,
/415

s %, MINOS Partial Plane

20 ¥

/ (4/5 planes in the first 120)
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MINOS' near detector
IS used as a forward
muon spectometer

MINOS' magnet
allows charge and
momentum
reconstruction
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MINOS Acceptance - Where do the u's go?

v, CC inclusive sample

i

X
(A,2) (recoil)

For much more on v, CC

inclusive analysis, see
Kenyi Hurtado's talk later
today.
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MINOS Acceptance - Where do the u's go?

»n | |
Due to the relative position ,3' i LE Monte Carlo il
between MINOS and S .p, contained in Inner Detector (ID)
MINERVA, acceptance is g 0.04 i enters Outer Detector (OD) B
Complicated but well E i u track ends in ID/OD border region
understood Z: B . K matched with energy in MINOS 7
2 - K matched with a track in MINOS u
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MINERVA Event Display (v interaction)
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MINERVA Event Display ( Rock Muons)

Muons generated in the rock upstream the detector
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Very useful sample for detector calibration and
reconstruction checks

October 22, 2012

Nulnt 2012 - G. A. Fiorentini

18



Tracking Resolutions

Vertex and track slope residuals from —
split- rock muon tracks in tracker region 4@

Vertex Y Residual, pLLEZUGeWc dY/dZ Residual, pLLEZOGerc
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Muon's Tracking x Matching Efficiency

u Tracking x Matching Efficiency

Method
Use 1 in MINOS

that point backs
to MINERVA and
try to find a match
in MINERVA
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Events / 2 MeV ¢

Muon energy uncertainty

Additional muon momentum uncertainties from dE/dX and mass

models in MINOS and MINERVA

1400
1200 :— —MC }E
: . range vs
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- i
600 : :
400}
| r)
200
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(1PE™) = (1P") [GeVe]
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0.3

MINOS
dE/dX + mass model = 2%
[MINOS, NIM A 596, 190 (2008)]

range vs. curvature
|data-MC|~25 MeV

Total: 3% p>1.5 GeV
+5% p<1.5 GeV
MINERVA

mass model = 11 MeV tracker
=17 MeV Nucl. Tgts.

L energy loss = 30 MeV
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Energy Scale
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dE/dx from
rock muons
(MIPs) set
the energy
scale
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Energy Scale o0 Michel electron ene;g;/altal

—— Monte Carlo

Michel Electrons: p - e vV

Cross-check on U derived energy scale
EM response uncertainty = 3%.
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Detector Stability

Slope (dE/dx)/day = (-4.8+8.9)x10°
shows energy scale is constant vs time

Michel electron dE/dx vs time

E - 21 ndf 95.41 /110
O 345 p0 3.957+1.314
; 3_43_ p1 -4.799e-05 + 8.908e-05 A nice Stable
QD -
S b detector!
> - *
B a3 | + +
LI AL WA T TR
e e e L R o [Tl ey | T See more details on Sheryl
3.2— ~ + + Patrick's poster
- “MINERVA Detector
315 Calibration”
aqbl o 1 o 1 . | I I U IR B

03/16 03/30 04/13 04/27 05/11 05/25 06/08 06/22 07/06
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FNAL-T977 Test Beam

Mini-MINERVA + Mtest Tertiary Beam

16 GeV incident pion beam produces a
tertiary beam of 0.4 — 2.0 GeV/c

Wi, e 00 16 GeV
P 7 W iaay, |/~ || sion boam Very important project to calibrate
- A %-@—- g absolute energy response (hadron

o oo 1 S T L] tarme calibration) of the MINERVA detector

ToF Paddles 1-2

Pi+ Data/MC agreement is ~ 5%
T977 + MINERVA Preliminary pi- is a little better
Positive Pions PI‘O’[OHS a I|tt|e worse (~1 00/0)

i

o
=1
2]

L ]
Bl

] ; ] These values are what constrain the
systematic error on the analysis that you
{ will hear during the conference

e
o

e
tn

Data with Stat. Errors See more details on Richard Gran's poster
MC with Syst. Errors “MINERVA test beam preliminary results”

Energy Response / Incoming Energy
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Pion Total Energy = Available Energy (GeV)
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Shower Energy Resolution
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Conclusions

MINERVA's detector is working well and meeting its design
specifications.

« MINERVA has all its Low Energy (LE) data and is very busy
analyzing it.

« MINERVA 1s preparing to start running in the Medium Energy (ME)
run next year.

« One goal is to have an additional Deuterium target

« Stay tuned for the exciting incoming talks about MINERVA 1n this
conference.
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Other MINERVA talks

« Here 1s a preview of what are you going to see later this week:

e Inclusive v and anti-v CC distributions and ratios of nuclear targets
cross sections by Kenyi Hurtado later today.

e Inclusive charged = production for v and anti-v by Brandon Eberly
on Thursday.

« Advanced analysis of charge current production of neutral 7 by
Jose Palomino on Thursday.

v and anti-v QE analysis by Laura Fields on Thursday.
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Event reconstruction

| One full heam spill
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Event reconstruction

Hits
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Event

reconstruction
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Event reconstruction
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Detector Performance

PE/ layer for MIP, 1.7 cm scintillator sy

- MC tuned to detector light level
Hit Cluster resolution — 2.65 mm o
- Design 0 =3.0 mm
Timing resolution—3 ns o
- Design c=3ns
- (Track time — time in a layer
- Resolution determined by light

3(10J

N c=3.0ns

Bl R Filf, . I
930 200 1000 w200 30 40 50

relative time (ns)

October 22, 2012
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- Temp reduced to 72F after chiller installation
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Muon Cluster Energy (MeV)

Michel electrons provide check of energy scale

Slope (dE/dx)/day = (-4.8+£8.9)x1005 shows
energy scale is constant vs time
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Neutrino flux

* Understanding the neutrino flux

Comparing v_event rates when varying beamline configuration (target
z-position and horn current). Each configuration samples different
pion kinematics at the same neutrino energy (8 different configurations

in all)
protons :
target

Ty 1 T T T T

§ OE B

[O) 09_ P A

) g

T 0.8f

ad g S |
07: : ........................... pHE i
06; s “::IZ::‘IIIZZIZIIZII ........................... ]
05 S : S
0.4 i
0.3; ........ ]
02; —
0.1 s
% 20 40 60 8 O 20 40 60 8 O 20 40 60 80 0 2 4 6 8 10 12 14 16 18 20

p, (GeV/c) p, (GeV/c) p, (GeV/c) Energy (GeV)
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Event Rates

Expected Event Rates for Low Energy
@ Neutrino-tuned beam

Target Fiducial v, CC Events
Mass  jnh1.0e20 P.O.T.

Plastic @ 6.43 tons 340k
Helium @ 0.25 tons 14k
Carbon 0.17 tons 9.0k
Water 0.39 tons 20k

Iron 0.97 tons 54k

Lead 0.98 tons 57k

GENIE 2.6, FLUKAOQS8, 90cm radius, 116 tracker modules

October 22, 2012 Nulnt 2012 - G. A. Fiorentini
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Model Spread Uncertainties

Non-NA49 uncertainties from maximum model spread

L — QGSP

_‘| —— FTFP_BERT
- QGSC_BERT

— QGSP_BERT

=|—_ —— FTF_BIC

A 4 n+ from &
reinteractions

En the target

flux/m%0.5 GeV/5x10"7 POT

v

|||||||||||I|.. M B S
0 2 4 6 8 10 12 14 16 18

Neutrino Energy (GeV)

Categories
n,K,p,n,other secondary
interactions in target

production in horns, decay pipe
walls& He, target hall chase

October 22, 2012

250

200

150

100

50

—— QGSP
—— FTFP BERT
QGSC BERT
—— QGSP BERT
—— FTF _BIC

T+ from

Interactions
In the horns

] o [I——

0 2 4 6 8 10 12 14 16 18 20

Neutrino Energy (GeV)

Large project to

(a) add more models

(b) gradually replace

model spread with existing
and new data
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Current Flux Uncertainties

Preliminary!
E 0.18 Tertiary iTertiary"
w016 —— Beam Focusing _— =non-NA49
2 —— NA49 |—1‘_If
£ 0.14 _
T Z. Pavlovic,
® 0.12 _—~ PhD Thesis,
Texas (2008)
0.1
0.08 L
0.06 ——— _.-—'—'"_'_'_ Can be improved
0.04 with work!
0.02 —
[l [ [ [l [l [l I [ [l [l I [l [ [ I [l [l [l I
% 2 4 6 g 10

Neutrino Energy (GeV)
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1 Target Module (5 total):

0

0

The detector (types of modules)

Inher

detector Outer detector -
slots instrumented
with scintillator
(HAD calorimetry)

e Layer of target material (Fe,
C or Pb)

o Layer of scintillator
Tracker Module(84 total): “

o 2 layers scintillator

o 3.71 interaction lengths

ECal module (10 total):
e 2 sheets of lead
o 2 layers of scintillator
o 8.3 rad lengths.

o Layer of Fe edge of inner
s Layer of scintillator detector forms an EM St
s 3.7 interaction lengt calorimeter ider construction

*slide from S. Manly
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Module Construction

3 different strip
orientations for 3D "%

,;;,%\’{g:racking

Steel + scintillator = module
Typical module:

 has 302 scintillator channels

* weighs 3,000 Ibs

- 3 types of modules

Full detector:

- 120 modules; ~32K channels.

HCAL modules
include 1" steel
absorber

ECAL modules
incorporate 2mm-
thick Pb absorber

Nulnt 2012 - G. A. Fiorentini



Detector Calibratioit
fonkend | S Sl ra A

I [T T

Cs-137
SOLIrGE

clear

optical
fiber 7B

A ' Attenuation along every strip in
every plane measured using a
\ source map before installation.
We use the point-by-point map in
wavelength reconstruction for every channel.
shifting
|f2 ' fiber
Map can find non-unifoermities along
TYpICal aueenuaion rengen ~ 300 o, the strip (e.qg. air pockets in glue)
0 [ map2T(med2?)-layer2-strip3 L] map2Timed27)-layer2-striph I
y=V s e s & : =Py —H
AENELGY | w mowun e S E
L 't ang PUT gar cormria s g §Hd § | FETd, pimb dd) :HlJn" e B : FMT gair cormpripe O 5l § | FETA, pio 3 :h_lll ?IHE L]
ﬁﬁ"“ POSI 150 - |
2 M: - o
|f2 | asof e S | “':. M
- 200 | e ' :
' = |
single 100 w0l
scintillator s . - _}
strip = T o o @ 00 LI S0 o W T —T

*slide from M. Kordosky
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clear
optical
fiber

A |
/2
y=0 .
'y
=]
/2 |
+
v

scintillator
strip

Detector Calibratioﬁ

front-end 'E“E.'C' T‘Q'C-—-——___h readout

L
ri?/wavelength

shifting
fiber

energy
posit

single

October 22, 2012

board .

Charge to ADC conversion function
measured on a test stand for every
channel on every board before
installation on the detector

PMT
by

g000

PMT gains measured
continuously in-situ using
Light Injection system

Entries 32448

3500/ Mean  6.0850+08

pixels / bin

LWEEJ:
25&5:
2000
1500 —
1-'.:&9:

S00—

, | e =10
A 400 600 800 000 1200

Gain (electrons per photoelectron)

*slide from M. Kordosky
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MINERvVA Optics

Particle \ Position determined by charge sharing

Extrusions built into '®)

@)
planar structures.—— O O O

N
_ T 5 Crat
eroed P Scintillator (T102 Coating) e T PMT

-
\1- ) I L] ~ Clear cable e ED

WLS Fiber

7 = PMT Box
Extruded 64-Anode PMT

Scintillator

October 22, 2012 Nulnt 2012 - G. A. Fiorentini 45



MINERVA Electronics

‘Light measured by Hamamatsu 64
anode PMTs (newer version of
MINOS model)

‘Front end board (FEB) with Trip-t
chips interface the PMTs
‘Discriminators allow us to trigger
at 1PE and resolve overlapping
events during a spill

October 22, 2012 Nulnt 2012 - G. A. Fiorentini 46
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